Objective: To study the efficacy of yoga on pregnancy outcomes. Design and setting: Three hundred thirty five (335) women attending the antenatal clinic at Gunasheela Surgical and Maternity Hospital in Bangalore, India, were enrolled between 18 and 20 weeks of pregnancy in a prospective, matched, observational study; 169 women in the yoga group and 166 women in the control group.
INTRODUCTION T
he normal growth and development of the fetus can be adversely affected by a number of factors such as infections, complications of pregnancy such as pregnancy induced hypertension (PIH) or diabetes, teratogens, and psychosomatic stress. Pregnancy is a unique state of physiologic stress which necessitates physical, mental, and social adaptation. In earlier observational studies in the 1960s, psychosocial measures have been examined as possible risk factors contributing to adverse birth outcomes.
Animal experiments have convincingly demonstrated that prenatal maternal stress affects pregnancy outcome and results in early programming of various organ systems with permanent changes in neuroendocrine regulation and behavior in offspring (Mulder et al., 2002) . Recent well con-trolled human studies indicate that pregnant women with high stress and anxiety levels are at increased risk for spontaneous abortion, preterm labor, malformations, and asymmetric growth retardation (Mulder et al., 2002) . Evidence of long-term functional disorders in the offspring after prenatal exposure to stress is limited, but retrospective studies (Stott and Latchford, 1976; Weinstock, 1997) and two prospective studies support such effects (Huizink, 2003; Van den Bergh, 1992) .
Stressors during pregnancy vary from life events (e.g., divorce, serious illness, or death of a relative or friend) to daily trials and tribulations (e.g., domestic affairs, financial or social problems). During exposure to a stressor, the whole system of stress regulation, consisting of the hypothalamus-pituitary-adrenal cortex system (HPA axis) and the sympathetic nervous system-adrenal medulla system, is activated (Mulder et al., 2002) . Various hormones, including corticotropin-releasing hormone (CRH), adrenocorticotropin-releasing hormone (ACTH), cortisol, and noradrenaline, are released in large quantities into the systemic circulation. Pregnant women respond differently to identical stressful stimuli, depending on genetic factors, personality traits, previous experience, and social support. In addition, normal pregnancy is associated with physical alterations, hormonal changes (often associated with rapid changes in mood), anxiety regarding labor and fetal outcome, all of which potentially worsen the stress response. The interaction between all these factors renders evidencebased stress research with pregnant women difficult and complicated.
Several attempts have been made to reduce stress in pregnant women (Fenster et al., 1995; Villar et al., 1992) . These efforts were primarily directed at optimizing social support and environment through regular telephone calls, home visits by health care workers, counseling, and providing education to promote healthy living. A large randomized controlled trial including 2235 women at high risk for low birth weight, conducted by the Latin American Network for Perinatal and Reproductive Research, concluded that although high levels of psychosocial distress during pregnancy played an independent role in determining adverse pregnancy outcomes, this could not be ameliorated by psychosocial interventions conducted during pregnancy. The core interventions included 4 to 6 home visits during which emotional support, counseling, and social networking was provided (Langer et al., 1996) . Similarly, other apparently sound, logical interventions to reduce perinatal stress did not prove effective when rigorously evaluated. A recent Cochrane Database Systematic Review (Hodnett and Fredericks, 2003) undertook a meta-analysis of 16 trials (with a total of 13651 women), and concluded that programs offering additional social support for at-risk pregnant women were not associated with improvements in any perinatal outcomes, but were associated with a decrease in caesarean births and an increase in elective termination of pregnancy. These interventional programs probably failed as they were very focused and not holistic or comprehensive. Yoga, on the other hand, uses a holistic approach to stress reduction and has been used to promote positive health for centuries in India (Collins, 1998) .
Reduction in stress through the integrated approach of yoga therapy (IAYT) is achieved by the practice of deep relaxation at the somatic level in different postures (asanas), slow controlled breathing to decrease the respiratory rate (pranayama), and mind calming techniques such as meditation and chanting. Yoga, unlike many other alternative therapies, has been extensively evaluated but lacks a comprehensive systematic review. However, references to clinical trials in asthma (Goyeche et al., 1982; Jain et al., 1991) , hypertension (Patel, 1973) , pain management (Nespor, 1991) , diabetes (Jain et al., 1993) , and mood changes (Wood, 1993) exist. The cardiovascular effects of yoga have been particularly well researched. Transcendental meditation has been shown to decrease oxygen consumption and resting heart rate (Wallace, 1970) , and to increase cutaneous vascular resistance along with a reduction in the heart rate, suggesting increased mental alertness in a physiologically relaxed state (Telles et al., 1995) . In the United States, Herbert Benson, a professor at Harvard Medical School and a proponent of the relaxation response, has extensively published the effects of meditation to treat many cardiovascular ailments ranging from headache to hypertension (Roush, 1997) . Beyond these clinical observations, there is a growing body of evidence suggesting that mechanical actions can have physiologic effects at the cellular level. Changes in cell shape can lead to altered gene regulation, including changes in matrix metalloproteases and adhesion molecules (Garfinkel and Schumacher, 2000) . Resultant changes in cell function are just beginning to be understood.
Interestingly, the physiologic state produced by the regular practice of IAYT is the exact opposite of the fight-orflight response that occurs during stress. The gentle stretching and improved body flexibility decreases muscular tension and stiffness, the relaxed controlled breathing reverses the shallow fast respirations, and the meditation calms the mind, and has inhibitory effects on the HPA axis which is activated during stress. In fact, many of the techniques of relaxation, internal focus, and systematic breathing currently included in childbirth classes have their roots in yoga (Collins, 1998) .
At present, there are no randomized trials or recommendations from professional organizations regarding the role or safety of IAYT during pregnancy. This study was conducted to test the hypothesis that stress management in pregnancy using IAYT improves pregnancy outcomes when compared with standard obstetric management. The primary outcomes studied included gestational age at delivery, mean birth weight, mode of delivery, intrauterine growth retardation, and obstetric complications such as pregnancy-induced hypertension and intrauterine death.
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The study population comprised 335 pregnant women who registered for antenatal care at Gunasheela Surgical and Maternity Hospital, a referral center for obstetrics and gynecology in Bangalore, India. Women were enrolled in a prospective observational study between January 2000 and December 2002. Out of 3500 women screened, 1200 fit the eligibility criteria, and were divided into two groups based on their distance from the hospital: subjects in the Near group (n ϭ 438) lived within 15 minutes travel from the hospital; subjects in the Far group (n ϭ 762) lived further than 15 minutes travel from the hospital. Patients were presented with the study protocol and those in the Near group were encouraged to select the yoga arm of the study, to facilitate compliance, as it involved multiple visits to the hospital to learn yoga. Patients in the Far group elected the control arm as it did not involve frequent trips to the hospital. From the control group, 526 patients were matched for age, parity, body weight, and Doppler velocimetry score (DVS), but only 166 signed the informed consent. In the yoga group, only 169 patients consented to be enrolled in the study. The 360 patients in the control group and the 269 patients in the yoga group who were unwilling to take part in the study gave reasons such as: being unsure of their residence after discharge (which is related to the local cultural practice of moving between parents, in-laws, and their own homes); husbands, in-laws, or parents disliked the idea of their participation in the research; or they wanted to be in the yoga arm but were unwilling or unable to come regularly to the hospital to learn yoga. The women were from the middle to upper socioeconomic strata.
The study received ethical approval from the director and members of the governing council of the hospital. The inclusion criteria were: pregnant women between 18 and 35 years of age, irrespective of parity, with no previous yoga training, between 18 and 20 weeks gestation with a baseline DVS of umbilical and uterine vessels ( Table 1 ). The exclusion criteria included multiple pregnancy; protracted medical illness complicating pregnancy; or a history of previous pregnancy loss due to known single gene defects, chromosomal disorders, fetal malformations, and intrauterine infections.
Yoga practices including physical postures (asanas), breathing techniques (pranayama), and meditation were practiced by the yoga group, one hour daily, from the date of entry into the study until delivery. The control group walked half an hour twice a day (standard obstetric advice) during the study period. Compliance in both groups was ensured by frequent telephone calls and strict maintenance of an activity diary.
IAYT was taught by a well-trained yoga therapist in groups of 2 to 8 pregnant women during the first week after enrollment. Subsequently, the women were asked to practice these techniques at home and were reviewed every 3 to 4 weeks during their routine antenatal visits. Yoga practices differed based on the trimester (Table 2) . Care was taken to avoid practices that were contraindicated during a given gestation. The physical postures (asanas) of yoga were performed while standing, sitting, or lying either prone or supine on the floor, as previously described (Nagendra and Nagarathna, 2001). The exercises take each joint in the body through the full range of motion: stretching, strengthening, and balancing each body part (Nagendra and Nagarathna, 2001). Internal awareness and synchronization of asanas with breathing was considered critical. The breathing techniques (pranayama) focus on conscious prolongation of inhalation, breath retention, and exhalation. Pranayama includes the complete yoga breath (conscious breathing in the lower, middle, and upper portions of the lungs), interval breathing (duration of inspiration and expiration being altered), and alternate nostril breathing, as outlined previously by Iyengar et al. (1993) . Meditation included techniques such as listening to one's own breath or repeating a mantra (word) to bring about a state of selfawareness and inner calm (Canter, 2003) .
The women were closely monitored during their routine antenatal visits. At each visit, blood pressure was measured, and a value Ն140/90 mm Hg on 2 separate occasions 6 hours apart, or an increase of 15 mm Hg from the baseline value after the 20th week was considered PIH. At each visit, an ultrasound scan monitored fetal growth: intrauterine growth retardation (IUGR) was defined as an estimated weight Ͻ10th percentile (Singh, 2002) . In addition, at each visit, Doppler ultrasound of the uterine and umbilical vessels was done to calculate the resistance index (Ott, 1990) and the total DVS.
At birth, the mode of delivery (vaginal or cesarean section), gestational age (in weeks), and birth weight (g) were documented. Preterm delivery was defined as Ͻ37 completed weeks of gestation. Statistical analysis was performed using the SPSS statistical software. The study data were subject to intention-totreat analysis with respect to all outcomes. Continuous variables were analyzed using Student's t-test and proportions by the Chi-square or Fischer exact test. Results were considered to be statistically significant for p Ͻ 0.05.
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RESULTS
Maternal characteristics did not differ between the two groups (Table 3) . DVS were examined at the time of enrollment to identify pregnancies at high risk for developing complications (PIH, IUGR, perinatal mortality) and were found to be similar between groups. Compared to the control group, the interventional group (IAYT) had a statisti- cally significant decrease in preterm deliveries, decreased numbers of small-for-gestational-age babies, and decreased incidence of idiopathic IUGR and IUGR associated with PIH (Table 4 ). The incidence of PIH and emergency cesarean sections tended to decrease, but the differences were not statistically significant. There were no adverse events related to the practice of yoga in the interventional group. Subgroup analysis done to evaluate the effect of IAYT on specific complications of pregnancy such as PIH, idiopathic IUGR, and preterm delivery did not show statistically significant differences between groups.
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DISCUSSION
In this study, we evaluated the role of IAYT started at mid-gestation and continued until delivery on pregnancy outcomes. We compared this group to a matched control group who were similar in patient characteristics, but performed aerobic exercise twice a day (standard obstetric advice). The interventional group (IAYT) had a statistically significant increase in mean gestational age at delivery, decreased small-for-gestational-age babies, and decreased incidence of idiopathic IUGR and IUGR associated with PIH. The incidence of PIH and emergent cesarean sections tended to decrease but was statistically not significant.
Given the larger picture of multiple failed attempts to reduce low birth weight and prematurity in the past decade, this study provides a potential intervention that might improve pregnancy outcomes. The exact role of IAYT is unclear. Whether this represents a true causal effect or an association needs to be studied further. We speculate that its actions mediate three commonly postulated mechanisms for the transfer of maternal stress to the fetus.
The relationship between the HPA axis and the reproductive system in pregnancy is complex and intriguing. The hormones of the HPA axis primarily have strong inhibiting effects on the hypothalamo-pituitary-gonadal axis (HPG) (Chrousos, 1998) . There is also evidence suggesting that the endometrium, myometrium, and ovaries are rich in receptors for corticotrophin releasing hormone (CRH) and cortisol receptors (Mulder et al., 2002) . Given this functional relationship, it is not difficult to hypothesize that psychological (and physical) stress may lead to poor reproductive outcomes.
The three possible mechanisms that have been postulated to explain the transmission of maternal stress to the unborn baby are a reduction in transplacental blood flow, a placental transfer of maternal stress hormones, and stress-induced pCRH (placental CRH) released prematurely into the fetal environment. Reductions in placental blood flow have been documented by Doppler flow studies showing high resistance of the uterine arteries in women with high anxiety scores at 32 weeks gestation (Teixeira et al., 1999) . Corticosteroids readily cross the placenta in many animal models, but the human fetus is protected by the placental enzyme 11␤-hydroxysteroid dehydrogenase (11␤-HSD), which converts the active cortisol into inactive cortisone (Seckl, 1997) . Under certain circumstances of maternal hypercortisolemia (stress) the fetal levels of cortisol have been found to be linearly related to maternal levels (Gitau et al., 1998) . The placenta produces pCRH between 8 and 10 weeks gestation along with hypothalamic CRH. In normal pregnancies the pCRH rises rapidly during the last 2 to 4 weeks, to facilitate parturition. Under abnormal circumstances (PIH, preterm labor, or maternal stress) the pCRH surge occurs prematurely. Premature activation of pCRH has been linked to preterm labor and delivery (Majzoub and Karalis, 1999) .
Women undergoing assisted reproductive techniques (IVF) as a result of functional disorders of the HPG axis have been shown to have higher stress scores than women (Wasser, 1999) . In other studies, it has been shown that IVF is less successful when women report stress or anxiety at the start of treatment (Demyttenaere et al., 1994; Milad et al., 1998) . Animal experiments have shown that exposure of pregnant dogs to stressful conditions (such as capture, noise, immobilization, introduction of a strange male, or crowding) often results in a smaller litter size (embryo resorption), structural malformations, growth retardation, and lower birth weight of the puppies (deCatanzaro and Macniven, 1992) . More recently, many well-controlled human studies suggest a direct relationship between prenatal maternal stress and pregnancy complications. The rate of spontaneous abortions increased in women who had experienced a recent stressful life event (Neugebauer et al., 1996) and increased stress at work (Fenster et al., 1995) . Structural malformations have been associated with the death of an older child during pregnancy (Hansen et al., 2000) and with marital disharmony (Nimby et al., 1999) . The risk of pre-eclampsia is increased with first trimester depression and anxiety (Kurki et al., 2000) and with increased serum concentrations of pCRH between 18 and 20 weeks gestation (Hobel et al., 1999; Perkins et al., 1995) . Preterm labor and preterm delivery are associated with mid-trimester stress and elevated pCRH between 15 and 20 weeks gestation (Hobel et al., 1999; Leung et al., 1999) . Anxiety and depression are also documented to decrease birth weight and head circumference (Lou et al., 1994) . Maternal administration of natural or synthetic corticosteroids can also induce changes associated with maternal stress, such as growth retardation (Benesova and Pavlik, 1989) , structural malformations (Uno et al., 1994) , and impaired growth of the lungs and the brain (Gramsbergen and Mulder, 1998; Uno et al., 1994) .
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IAYT is the application of yoga practices to promote health (as defined by the World Health Organization) and in disease states. Intuitively, pregnancy seems an ideal situation to test the antistress benefits of yoga. The word yoga comes from a Sanskrit root yuj that means to yoke, to join, and to direct and concentrate one's attention. The practice and philosophy was first described by Patanjali in the classic text Yoga Sutras (Lasater, 1997) . The goal of this ancient tradition was to calm the restless mind and seamlessly unite the mind, body, and spirit to promote positive health, selfawareness, and spirituality. A few studies done in healthy adults have documented the effects of yoga practice, such as reduced sympathetic activity (Vempati and Telles, 2002) , changes in the autonomic nervous system (Raghuraj et al., 2003) , the effect of pranayama on oxygen consumption (Telles and Desiraju, 1991) , and chanting "Om" and its effects on the autonomic nervous system (Telles et al., 1995) . We hypothesize that similar mechanisms may operate in pregnant women and have effects directly on the nervous system and indirectly on the HPA axis. Though yoga developed from Indian philosophy and religion, the practice of yoga does not require spiritual beliefs or religious rituals (Myers, 1997) .
Various study designs have been used to study the benefits of yoga. The three common designs are:
• Physiologic changes in healthy volunteers (heart rate, blood pressure, electroencephalogram) (Stancak et al., 1991) • Physical and psychologic outcomes after practicing IAYT (reduction in body weight, autonomic arousal, improved somatic steadiness, muscle strength, life satisfaction scores, higher levels of well-being) (Bera and Rajapurkar, 1993; Madanmohan et al., 1992; Schell et al., 1994; Telles et al., 1993a; Telles et al., 1993b) • Comparisons between aerobic exercises and yoga. Blumenthal et al. (1991) compared the effects of aerobic exercise and yoga on cardiac and respiratory functioning in older adults. Aerobic exercise three times per week had significantly greater effects on cardiac and respiratory performance than did a twice weekly class consisting of yoga stretches (Blumenthal et al., 1991) . A recent evidence-based systematic review (Kramer, 2002) of aerobic exercise in pregnancy concluded that aerobic exercise appears to improve or maintain physical fitness and body image. Data was insufficient to assess its risks or benefits for the mother and infant (Kramer, 2002) .
CONCLUSIONS
Although there are multiple studies evaluating the benefits of yoga, this is the first study to specifically look at the effects of yoga on pregnancy outcomes. The recruited women did not have risk factors for the poor pregnancy outcomes (low birth weight or prematurity) common in developing countries, such as poor socioeconomic status, unwed status, excessive physical stress, substance abuse including smoking, multiple gestation, and chronic maternal malnutrition or disease. It is possible that greater benefits of yoga might be seen in higher stress environments. The drawbacks of the study were that it was not a randomized controlled trial, no stress scores were recorded (either pre-or post-IAYT), and the patient selection bias of self-selected groups. However, the patient selection bias was nullified to a great extent by stratifying patients according to geographical distance from the hospital. We believe (but did not measure) that patient characteristics such as motivation, health status, spiritual belief, and lifestyle were equally distributed among the two groups based on our study design. More patients were in the Far group, as this hospital is primarily a large referral hospital drawing patients from adjoining towns and villages.
In conclusion, this study is the first to examine the effects of yoga in pregnancy and its outcomes. Yoga by its holistic approach to health appears to be safe in pregnancy and leads to improved outcomes. Future studies should evaluate the relationship between preconception stress and pregnancy stress, the role of prenatal stress and fetal programming (Barker's hypothesis) (Barker et al., 2002) , and effects of IAYT on maternal indices of pregnancy outcomes. Based on this pilot study, we advocate randomized control trials to definitely demonstrate the beneficial effects of IAYT on pregnancy outcomes.
